Introduction
Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) is a rare disease with fewer than 300 cases reported in the literature. SCCOHT primarily affects young adult and pediatric patients with a mean age at diagnosis of 24 years [1] [2] [3] [4] . Most patients are diagnosed with advanced stage disease and do not respond to chemotherapy. Regardless of tumor stage, most patients relapse and die of disease within Gynecologic Oncology xxx (2015) xxx-xxx ☆ The research was supported in part by the National Institutes of Health through MD Anderson's Cancer Center Support Grant CA016672. a short period of time, with an estimated one-year overall survival rate of 50% and a five-year overall survival rate of less than 10% [5] .
Recent studies have shown SCCOHT to be highly associated with germline or somatic mutations in the SMARCA4 gene; however, no therapies are yet available targeting these mutations [6] [7] [8] . Furthermore, it is now known that SCCOHT has clinical, histopathological, molecular and genetic similarities to malignant rhabdoid tumors, suggesting that SCCOHT may represent a malignant rhabdoid tumor of the ovary (MRTO) [8] [9] [10] . Despite these recent findings, there is currently no consensus regarding the recommended treatment of SCCOHT, and management of this disease remains a challenge. In this report, we describe our experience of 47 patients with SCCOHT evaluated at a single institution. The clinical and pathologic characteristics, treatment modalities as well as outcomes are reviewed with the aim of providing hypothesisgenerating data to help inform further studies and treatment protocols.
Materials & methods
We performed a retrospective review of 47 patients with histologically confirmed SCCOHT evaluated at The University of Texas MD Anderson Cancer Center (MD Anderson) between 1990 and 2014. Institutional Review Board approval was obtained with a waiver of informed consent. Eligible patients were identified using databases from the Departments of Gynecologic Oncology, Pharmacy and Pathology. Pathologic diagnosis was confirmed by a pathologist at MD Anderson with expertise in gynecologic malignancies. Medical records were reviewed for demographic information, clinical data, pathologic findings, treatment modalities and outcomes. The follow-up period was defined as the time between initial SCCOHT diagnosis and the date of last contact.
Descriptive statistics were used to summarize patient demographic and clinical characteristics. Fisher's exact test was used to compare categorical variables between patients with and without recurrence, while a t-test was used to compare means and the Wilcoxon test was used to compare medians of continuous variables. Overall survival (OS) was estimated using the product-limit estimator of Kaplan and Meier [11] . Study data were collected and managed using the Research Electronic Data Capture (REDCap) electronic data capture tools hosted at MD Anderson [12] .
Results
Forty-seven patients with SCCOHT were identified and included in the study. Patient demographics are shown in Table 1 . The median age at diagnosis was 30 years (mean 30, range 5 to 46 years). The majority of patients were Caucasian (n = 40, 85.1%). None of the patients reported a family history of SCCOHT. The majority of the patients were symptomatic and presented with abdominal pain (n = 30, 63.8%) and/or distention (n = 25, 53.2%). There were no reports of the tumor being found on routine pelvic examination. Preoperative serum calcium levels were available for 11 patients (23.4%) and were elevated in 10 of these 11 patients (90.1%). Preoperative CA-125 levels were available for 15 patients (31.9%) and were elevated in all 15 patients.
Clinical and pathologic findings are shown in Table 2 . The tumor was unilateral in the majority of cases (96.3%), with a higher proportion being on the right side (n = 31, 66.0%). In 14 cases (29.8%), the tumors were initially misinterpreted as other ovarian neoplasms on final pathology read including neuroendocrine carcinoma (n = 5), juvenile granulosa cell tumor (n = 2), unclassified sex cord stromal tumor (n = 1), embryonal carcinoma (n = 2), yolk sac tumor (n = 2), mixed mesodermal tumors (n = 1), and desmoplastic small round cell tumor (n = 1). The diagnosis of SCCOHT was subsequently confirmed at MD Anderson in all cases. A large cell component was noted in 12 patients (25.5%) and necrosis in eight (17.0%). Of note, two patients (4.3%) had a personal history of a malignant contralateral ovarian tumor: one patient had a SCCOHT diagnosed 10 years prior, and the other had a mixed germ cell tumor diagnosed 17 years prior. Unfortunately, the material from the previous diagnosis was not available for pathology review at MD Anderson to exclude SCCOHT in these original tumors.
All patients were initially treated with surgery. Twenty-six patients (55.3%) underwent unilateral salpingo-oophorectomy (USO) with or without hysterectomy, and 21 patients (44.7%) underwent total abdominal hysterectomy with bilateral salpingo-oophorectomy (TAH-BSO). Additional procedures including omentectomy, debulking of extra-ovarian tumor, lymph node dissection, and peritoneal biopsies were performed in 85% of cases. Thirty-four patients (72.3%) underwent lymph node sampling or full dissection, with positive lymph nodes were found in 19 (55.8%). Of note, 35.5% of the patients with positive nodes also had evidence of other extraovarian disease. The median tumor size was 16 cm (range 3.6 to 30.0 cm). Sixteen patients (34.0%) had stage I disease, six (12.8%) had stage II disease, 23 (48.9%) had stage III disease, and two patients (4.3%) had stage IV disease. Six patients (12.8%) had additional surgery post chemotherapy. This included three patients with stage I disease and two patients with stage II disease who had no evidence of disease in any of the specimens removed. One additional patient, initially found to have stage III disease, had a tumor debulking surgery following chemotherapy for persistent disease.
Adjuvant therapy information was available for 43 patients. One patient died three days following surgery of widespread disease and multi-organ failure prior to initiating any adjuvant therapy and is excluded from the following analysis. Thirty-five of the 42 remaining patients (83.3%) received adjuvant chemotherapy alone, 4 (9.5%) received chemotherapy followed by radiotherapy, one (2.4%) received chemoradiation, and two (4.8%) were observed (stage IA disease). The various chemotherapy regimens used as primary adjuvant therapy are shown in Table 3 . The most common regimens included cisplatin/ carboplatin and etoposide (CE) (n = 15, 38.5%) and a multi-agent regimen including vinblastine, cisplatin, cyclophosphamide, bleomycin, doxorubicin and etoposide (VPCBAE) (n = 10, 25.6%). The median time from surgery to initiation of chemotherapy was 30 days (mean 36, range: 12 to 79 days). Thirty-five patients (74.5%) developed recurrent disease. The most common sites of recurrence included the pelvis, retroperitoneal lymph nodes, and the contralateral ovary. Treatment information for recurrence was available for 23 patients (65.7%) and included: chemotherapy (n = 21, 91.3%), radiotherapy (n = 5, 21.7%), and surgery (n = 8, 34.8%). Median time to recurrence or progression was 6.5 months (range 2.3-125.4 months) for the 25 patients with date of recurrence available. There was no association between development of recurrent disease and age or stage at diagnosis (Table 4) . However, a trend towards lower recurrence rates was noted in patients who received radiation as part of their primary adjuvant therapy (2/5, 40.0%) compared with those that did not (30/37, 81.1%) (p = 0.0782). Median followup for all patients was 13.2 months (range 0.1-210.7). At last followup, 11 patients (23.4%) were alive without evidence of disease; six patients (12.8%) were alive with disease or receiving adjuvant treatment; and 30 (63.8%) had died of disease. Median PFS could not be calculated due to the lack of information regarding recurrence date for many patients. However, median OS was 14.9 months (95% CI 11.8 to 23.5) (Fig. 1) . Survival by stage is shown in Table 5 .
A subset analysis was performed of the 16 patients with stage I disease. Median age at diagnosis was 31.0 years (mean 30.5, range 14-43). All patients underwent primary surgery, with fertility sparing USO performed in eight patients (50%). Adjuvant chemotherapy was given to 12 patients (75.0%) and consisted of VPCBAE (n = 6, 50%); EP (n = 5, 41.7%); and carboplatin and paclitaxel (n = 1, 8.3%). Two patients did not receive adjuvant chemotherapy, and adjuvant treatment was unknown in two patients. Ten of the 16 patients (62.5%) developed recurrent disease: one of the six patients (16.7%) treated with VPCBAE, 5/5 (100.0%) treated with EP, 2/2 (100.0%) who did not receive adjuvant chemotherapy, and 2/2 (100%) where adjuvant treatment was unknown. VPCBAE was associated with a decreased rate of recurrence (p = 0.008). With a median follow up of 24.3 months (mean 44.8, range 1 month -17.5 years), seven patients (43.8%) died of disease, two patients (12.3%) were alive with disease and 7 (43.8%) were alive without evidence of disease. Of the eight patients with stage I disease who underwent USO only to retain fertility, only two patients (25%) are alive without evidence of disease. To date, there have been no reported pregnancies following treatment.
An additional analysis was performed of 12 patients with prolonged survival who were alive more than two years from time of diagnosis. Eight of these patients (67.0%) had stage I disease, two (16.5%) had stage II disease, and two (16.5%) had stage III disease. All patients underwent surgery, and seven (58.3%) received adjuvant treatment with chemotherapy alone, four (33.3%) received chemotherapy followed by radiotherapy and one (8.3%) patient received no adjuvant therapy. Five patients (41.7%) developed recurrent disease a median of 24 months (range, 8-125) from diagnosis. Treatment for recurrence included surgery (n = 5, 100.0%), chemotherapy (n = 3, 60.0%), and/ or radiotherapy (n = 3, 60.0%). Radiotherapy was used in six (50.0%) of the 12 patients with survival N2 years as adjuvant primary therapy or treatment for recurrent disease, compared with three (8.6%) of the 35 patients with survival b2 years (p = 0.005).
Discussion
The principle findings of our study are that women with SCCOHT are diagnosed at a young age (median = 30 years) and have a poor prognosis with a median overall survival of only 14.9 months. However, our findings suggest that aggressive therapy including multi-agent chemotherapy and possibly radiotherapy may extend survival. Similar to previous studies, favorable prognosis was shown to be associated with earlier stage disease. In our study, median overall survival was 35.3 months for patients with stage I disease compared with only 3.3 months for patients with stage IV disease. The largest study regarding SCCOHT is a Five patients were excluded: four because the primary adjuvant treatment is unknown, and one because she died before receiving any adjuvant therapy. by Young et al. [1] , who performed a clinicopathological analysis of 150 patients with this disease. In their series, 50% of patients had stage I disease (33% Stage IA), 5% stage II, 43% stage III and 1% stage IV disease. Of note, 33% of the patients with stage IA disease were alive without evidence of disease with a mean follow-up of 5.7 years post-surgery. In contrast, only 10% of patients with stage IC disease and 6.5% of patients with stages II, III and IV disease were also disease free (p = 0.0009). Although stage IA disease was associated with a better prognosis, approximately 67% of patients with stage IA disease recurred regardless of treatment type [1] .
Many patients diagnosed with SCCOHT are of childbearing age and potentially interested in fertility preservation. In our study, the median age at diagnosis was 30 years (range: 5 to 46 years), which is higher than previous reports which have described a mean age of 24 years (range: 14 months to 58 years) [1] [2] [3] [4] . Due to the rarity and poor prognosis of SCCOHT, fertility sparing surgery with USO has been controversial. Small case series have reported good outcomes with patients undergoing USO and adjuvant chemotherapy [5, 13] . However, an analysis of the various types of therapy in the previously mentioned series by Young et al. [1] suggests a trend for better outcome after a procedure that includes BSO, inclusive of patients with stage IA tumors. Their report showed that 8 of 14 patients (57%) with stage IA disease who underwent BSO survived without recurrence in comparison with 5 of 21 patients (23%) who had a USO (p = 0.075) [1] . In our cohort, 26 patients (55%) underwent USO. However, there are no reports of any of the patients having a subsequent successful pregnancy. This observation is not surprising given the small number of patients alive without disease following fertility-sparing surgery and that many of the patients received a combination of chemotherapy and/or radiotherapy, likely affecting their fertility. None of the patients had bilateral ovarian involvement, which is similar to the previously reported rate of less than 5% [1] . Further research is needed to determine whether or not fertility-sparing surgery is indicated in patients with early stage SCCOHT.
The primary treatment for SCCOHT is usually surgical resection with adjuvant chemotherapy, but there is currently no standard regimen. In our study, two patients with stage IA disease did not undergo adjuvant treatment and died of recurrent disease. Many patients in our cohort and in other reports have been treated with cisplatin and etoposide based on studies of small-cell lung cancer. However, a better understanding of the biology of SCCOHT now suggests that there are no pathological or molecular similarities between these two tumor types. Several reports have also evaluated multi-agent chemotherapy for SCCOHT. Senekjian et al. [14] reported the results of five patients with SCCOHT with stage IA-IIIA disease who received the combination chemotherapy regimen of VPCBAE. An objective response was observed in two patients who had measurable disease. One patient with stage IA disease was alive and disease-free at 29 months. The other four patients died of disease with a mean OS of 14 months (range, 11-18) from time of surgery [14] . Long-term survival has also been reported with this regimen in a case report of a patient with stage IIIC SCCOHT diagnosed during pregnancy. She underwent optimal tumor debulking surgery followed by VPCBAE chemotherapy and was alive and without evidence of disease five and a half years from diagnosis [15] . Our group also published a case series of three patients, included in this report, with stage IA disease treated with USO followed by six cycles of VPCBAE [16] . The patients were alive and without evidence of disease at 37, 55 and 76 months after completing treatment. Major toxicities associated with VPCBAE include severe myelosuppression, neutropenic fever, nausea/vomiting and polyneuropathy. In the current study, VPCBAE was associated with a decreased rate of recurrence compared with cisplatin/etoposide or no adjuvant chemotherapy in a subset analysis of 16 patients with stage I disease.
High-dose chemotherapy with stem cell transplantation has also been studied in SCCOHT. Pautier et al. [17] performed a prospective study of 27 patients with stage IA to IV SCCOHT who underwent surgical debulking followed by a dose-intensive regimen of four to six cycles of cisplatin, doxorubicin, etoposide and cyclophosphamide every 21 days. Patients with a complete response then underwent high-dose consolidation chemotherapy with carboplatin, etoposide and cyclophosphamide followed by autologous hematopoietic stem-cell transplantation. Eighteen patients (66.6%) achieved a complete response to the primary treatment and 37.0% of all patients (n = 10) received high-dose chemotherapy and stem-cell transplantation. The median follow-up was 37 months and the OS at one and three years was 58% and 49%, respectively. In our study, one patient underwent a similar treatment. She was diagnosed with stage IIIC disease and underwent primary surgical debulking followed by induction chemotherapy with three cycles of carboplatin and paclitaxel and then mobilization with cyclophosphamide, etoposide, and cisplatin. This was followed by hyper-fractionated cyclophosphamide, adriamycin, vincristine and autologous stem cell transplant. She developed recurrent peritoneal disease approximately one month after completing the treatment.
The role of radiotherapy in the treatment of SCCOHT is largely unknown, but there is limited information to suggest a potential benefit [1, [18] [19] [20] . In the series by Young et al., five of the 14 patients with stage IA disease received adjuvant radiotherapy, and four (80%) were long-term survivors [1] . A study by Dickersin et al. [18] described 11 patients with stage I/II SCOOHT. All patients underwent surgery, which was followed by chemotherapy in four patients (36.4%), by radiotherapy in four patients (36.4%), and by observation with no adjuvant treatment in three patients (27.3%). Interestingly, two of the patients experienced durable responses with radiotherapy alone after initial surgery [18] . A subsequent study by Harrison et al. [19] reported on 17 patients with SCCOHT who underwent surgery followed by adjuvant platinum-based chemotherapy. Seven of the patients also received adjuvant radiotherapy, and five (71.4%) are long-term survivors. In comparison, three of the four patients with stage I disease who did not receive radiotherapy developed recurrent disease [19] . In our cohort, radiotherapy was used in six (50.0%) of the 12 patients as adjuvant primary therapy or treatment for recurrent disease with survival N 2 years, compared with three (8.6%) of the 35 patients with survival b2 years (p = 0.005). The results of these studies suggest that radiotherapy may play an important role in the treatment of SCCOHT. Interestingly, radiotherapy has been shown to be effective in the treatment of malignant rhabdoid tumors [21] [22] [23] .
There is no consensus regarding surveillance for patients with SCCOHT. In our cohort, 10 of 11 patients (90.1%) with serum calcium levels available at diagnosis were found to have hypercalcemia. Similarly, Young et al. [1] reported that 62% of patients were noted to have hypercalcemia at diagnosis and that it is believed to be due to tumoral secretion of parathyroid hormone related peptide (PTHrp). Furthermore, in our cohort CA125 levels were elevated in all 15 patients who had results available. Unfortunately, we had limited and inconsistent information regarding both serum calcium and CA125 levels at the time of recurrence for the majority of patients. Despite these limited data, we would suggest using both serum calcium and CA125 levels as markers for both response and surveillance in patients with SCCOHT.
There has been significant recent progress in the understanding of the biology of SCCOHT. In 2014, three independent groups showed SCCOHT to be associated with germline or somatic deleterious mutations in the SMARCA4 gene [6] [7] [8] . This gene produces a protein that is a central catalytic subunit, along with several others including SMARCB1, of the human ATP-dependent switching and sucrose nonfermenting (SWI/SNF) complex, a chromatin-remodeling complex critically involved in the control of the gene transcription within the cell [9] . When the data from these three studies were combined, 64 of 69 patients (92.8%) with SCCOHT demonstrated immunohistochemical loss of tumoral SMARCA4 protein expression [6] [7] [8] . In contrast, this mutation is rare in other solid tumors, having been identified in only 0.4% (2/485) of other primary ovarian cancer types [6, 7] . Somatic SMARCB1 alterations are also associated with the development of rhabdoid tumors including atypical teratoid/rhabdoid tumors as well as extracranial malignant rhabdoid tumors [9] . In addition to sharing this genetic similarity, both SCCOHT and rhabdoid tumors have a similar histopathological appearance, are associated with hypercalcemia, as well as having a poor response to conventional therapy. Furthermore, new data on whole-exome sequencing propose that SCCOHT may actually represent a new entity known as malignant rhabdoid tumor of the ovary (MRTO) [8] [9] [10] . These exciting recent findings are leading to a better understanding of this rare tumor and may eventually lead to improved treatment for SCCOHT. In summary, SCCOHT is a rare and aggressive disease with a poor prognosis. Our study is limited by retrospective data collection, a small number of patients, a long study period, and possible referral bias. Despite these limitations, this report of 47 women provides information to help in the current management of SCCOHT as well as the design of future studies. Based on our findings, we currently recommend that adjuvant multi-agent chemotherapy be considered for all patients following surgery, including women with stage I disease. Furthermore, our results suggest that VPCBAE may be more effective than a platinum doublet or no treatment, even in women with stage I disease. Our study and others show that prolonged survival is rare but possible in patients with SCCOHT, even with advanced stage disease. Radiotherapy may play an important role, and consolidation radiotherapy should be considered in patients with stage I/II disease who have a good response to surgery and adjuvant chemotherapy. Finally, the newly discovered association between SCCOHT and SMARCA4 gene mutations may lead to novel agents targeting these specific mutations. In the interim, treatment regimens similar to those used to treat MRT should be considered. A prospective trial is currently under development that will use ifosfamidecarboplatin-etoposide (ICE) alternating with vincristine-doxorubicincyclophosphamide (VDC), a regimen used in patients with MRT, compared with our current regimen of VPBCAE in women with newly diagnosed SCCOHT.
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